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Outline

«Introduction

*QCD Physics
— Inclusive Jet cross section
— Dijet mass distribution *Bottom Physics N
— Jet shape and energy flow — Lifetime: BY, B*, B, = JiyX
— Diffractive dijet production — Semileptonic B decays

— Two body B—hh decays

- — Study of hadronic B decays
KCharm Physics R Y 4

— Jhy production cross section
— Charm cross section

— Mass: D, and D* *Summary
— Cabbibo suppressed D° decay
\_ — Rare Decay: D%~ uu J
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Integrated Luminosity
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f' Data used for Today’s results
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1% T 130 pb- (delivered)
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CDF Detector Overview

ToF counter for K/nt sepration
Placed right before the Solenoid
o o S—

Muon Detector
i More Coverage

SVX: Acceptance increase
- L |zl <30 = 45 cm

Forward Calorimeter L00: Vertex resolution

35<n/<5.1 9ISL: n|<2.0
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CDF Trigger System Overview

Crossing: 396 ns: 2.5 MHz [ Dataflow of CDF "Deadtimeless” ]
Trigger and DAQ

Level 1: hardware
— Calorimeter, Muon, Track
— 15kHz (reduction ~x200)

L1 Storage Levenn:
ooy [
clos <50 kHz Accept rate
 Level 2: hardware + CPU
— Cal cluster, Silicon track
) Lever2:
— 300 Hz (reduction ~x5) L2Buters: Aayncironous 2 sage ppeine
s St Ao Rt
« Level 3: Linux PC farm LisLzrojecton: 200001
— ~ Offline quantities paasuters [T 17 ]

— 50 Hz (reduction ~ x6)

Woss
Storage
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Silicon Vertex Trigger (SVT)

Level 2: Silicon Vertex Trigger *Increase physics sensitivity of
—Use silicon detector information  the Run Il CDF
*Good IP resolution — CDF as “Charm Factory”

«> Millions of D’s per 100 pb-!

— Collect Hadronic B sample
*No Lepton required in final state
B, physics (mixing in Drt)

«Trigger on displaced track
— beamline reconstruction
supdate every ~ 30 seconds
—IP resolution: ~ 50 um
- 35um beam size + 35um SVT — Higgs/new particles decaying
. heavy (b and c) quarks

e P2 2GeVig; i, £
218007, 247 um

20 w0 ! P -
SVT dy (um) —_—
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QCD Physics Program in CDF

«Jet production

— Inclusive Jet ~Today

— Dijet ~Today

—>2 Jet

« Photon production

* b-Jet production

* W/Z + Jet production
—Background for Top, Higgs..
*Underlying events —Today
+Jet Property

— Jet shape »Today

— Jet substructure

— Jet clustering algorithm
«Diffractive processes -Today
*And many more....
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*Tevatron is a Hadron Collider

— All interactions are
fundamentally QCD!

*Understanding the QCD physics is
indispensable for many analysis

— Parton distribution function
— Underlying event
— QCD process as background

Masashi Tanaka (Argonne)
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& NLO QCD (JETRAD)
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Inclusive Jet Cross Section

0
\'s = 1.96 Tev

T

x2@400GeV

X5@600Ge

Runl - Runll
1.8 TeV > 1.96 TeV

Theory predicts
x2 higher cross section
at Jet E; = 400 GeV

x5 higher cross section
at Jet E; = 600 GeV

1 1 | 1 |
100 200 300 400 500

L
600

p; [GeV]
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Inclusive Jet Cross Section (Run I)

*Run | measurement
— Central Jet: 0.1 < |n| < 0.7
— Run IA and IB agree well

Inclusive Jet cross section

nbiGeV

(CDF Run I)

® 1994-95
1992-93

NLO QCD prediction (EKS)
cteqdm p=E/2 R,,=1.3

° Statistical Errors Only

w0l L

Transverse Energy (GeV)
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Percentage

«Compared with theory prediction
—NLO QCD + CTEQ3M
— Excess at high energy
« Evidence of new physics ?

* Uncertainty of PDF?
(DATA-THEORY)/THEORY

H

(CDF Run I)

Run 1B (87 pb™)
with run 1A results overlayed

&

B

NLO QCD CTEQ3M scale Et/2 }

<ol
o LA

- Statistical errors only

|
EaTat
(Gev)

W e I W
‘Transverse Energy
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Fits to the Run | CDF/DO0O Data

*The excess can be explained by
enhancing the gluon PDF
*Include the CDF/DO Jet cross
section for fitting the PDF
— Extra weight for high E; is
needed to fit the CDF/DO data

i cn;/l

Ratio: Prel. data / NLO QCD (CTEQSM | CTEQSHJ)

cTEQsM

norm. facor : 199
CTEQSH) o4

i

,,,,{;,;,,,{,,%, -

P
Fe
. Data s CTEQSM
Incl. Jet : p] * doldp; - - - CTeosi cregsm
« " Cor Daia (el )
. - - - - cregs
CTEGSM

(Error bars: satistical only)
14% < Corr. Sys. Err. < 27%

Fermilab W&C March 28, 2003

«Still have large uncertainty for
high x gluons
— Good precision measurement
of high E; Jet cross section may
reduce the uncertainty

Ratio to CTEQS

Masashi Tanaka (Argonne)

The Run Il Jet

E distribution

\'\‘" 01 <ngal < 07
L .ﬂ
200 300

i

~ Jet20
T aso | Highest E; Jet: ~600 GeV
CDF Run Il Preliminary Jet 70 (Run |: 400 GeV)
Integrated L =85pb™ 1t 100 ’
Event with the highest E; Jet
., JetClu Cone R =0.7

Two highest jets come from
the same event

E.= 607 GeV

* 85 pb-!

* Measured E; distribution
— Before unsmearing

« 4 datasets with different
—Trigger Jet E; thresholds
—Prescales
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Inclusive Jet Cross section

«Jet Cross section can be

compared with theory after
—Calorimeter energy correction
—Resolution unsmearing

» ~ 10 orders of magnitude
 Two high E; data points
—Run |: E; <400 GeV

d% / dE; d7) (nb/GeV)

= Runll Data

—NLO pQCD (GTEQ 6.1)
[]+/- 5% Energy Scale Uncertainty

CDF Run ll Preliminary
Integrated L = 85 pb!
0.1 < Mpel < 0.7
JetClu Cone R=0.7

in Run 1l

1 !
100 200

Fermilab |

I I !
400 500 600
Inclusive Jet E ; (GeV)

1
300




Comparison with Theory Prediction

*NLO QCD (CTEQ 6.1) *The dominant systematic

— Data and Theory agree uncertainty
within error — Jet energy scale (5%)
CDF Run Il Preliminary

= 2F =
i .
g 1 E

1 E
212 E
31
26 E
£o4 E
502 E
= 7
© 65 = CODF unlPreliminary, JetClu Gone R =07, \& =1.95 TeV E
B 55 [ soknersy scateuncenany E
O 4F  —— CTEQ R Uncertainty E
i 35 E
: :
24 >
e Y -

100 200 300 100 500 600
Inclusive Jet E (GeV)
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Dijet Mass Distribution

*Theory predicts Run Il dijet cross  +The distribution is not corrected
section is x10 higher than Run | for calorimeter resolution
at Mass = 1.4 TeV +A good place for new physics
*One candidate with M ~1.4 TeV search (last week’s seminar by
—The same event as the highest ~ Eva. H) . No evidence of NP.
E; jet event

10

g CDF RUN 2 PRELIMINARY

R0 e RUN2 \E=198TeV, 75pb’ Mass = 1364 GeV

5 © o0 RUNY, YE=1.80Tev, 106p5" After Energy correction
5 T :

1

2 1

a

21

o

P 1 L
00 400 600 800 1000 1200 1400
DIJET MASS (GeV)
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Run Il / Run | Cross Section Ratio

*Inclusive Jet cross section +Dijet mass distribution

‘GOF Run i Preliminary coF Fun 2e R AR

3 IntegratedL =85 pb”
01 <Inpf <07
Setclu Cone R=0.7
ol Tyl 1 Tew)
[ —

2 creas. Uncersiny

asf | e om s ssTauTC uceRTaNm

Cross Section Ratio
N

15
e =+

1w

RATIO = RUN 2/ RUN 1 CROSS SECTION
T

| T i

) Lt
50 100 150 200 250 300 350 400 & 0 %0 W0 500 600700 006081006 1100
Inclusive Jet E. (GeV) DIET MASS (GeV)

-Theory predicts the Run II/Run | ratio with
small uncertainty (~ 10%)
- Data agrees with theory within error
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Study of Jet Shapes  Good agreement

in Central detector

*Measure differential Jet CDF Run Il Preliminory

Shape in the Calorimeter E B g e T gy e T e
. X (30<cr < 106
+Compare with Pythia + % S < <o 5 @IBIn,
. . A {55 < EM < 75 Ga¥)
detector simulation . N
2 e1<ig®I<07 A 01<I7*I1<0.7
P(r) I . R=0.7 e
. P — F—
(e -
>
F 4 7<Ig*I1< 1.4 0.7 <171 1.4
< 2
NS %
N\ T | * * - .. _n |
0 .
~ 6 F
>
- 14<I7"1<23 14<I19"1<2.3
2 Y
. “
1 1 YE(r+ar/2) o rn e | e SYPR
P(F) :?N E 0 R [+ 02 04 065 08 10 02 04 06 08 1
P Nier Z +(0,R) . . . r/R r/R
Slightly wider in forward region at Low E;
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Study of Energy Flows
CDF Il Preliminary

0.1 <171 < 0.7 pructustomtctr v

*Measure the energy flow
with the calorimeter

—Energy outside of Jet 5102 bl R oted i Sobnd
@DATA

—Probe the underlying E 10 flo Zeviim
event = e e et

3 I I I
*Compare with Pythia 2 o7 wcEr<ion 40.<Er < 88 Cev 55 <EF<TECeV
(tuned by USing the CDF L!‘)J 0T I8P < 1.4 0T<I8"I< 14 0TI 14

L. . 10

minimum bias event) K3 tn sy . .

-1

1 I I
jo2|  W0<EF<40cer 40 CEX < 55Gev % <EF< T5Gev

14 <141 <20 14 <181 <20 14< 1< 2
10
1

A1 Gets

jet se LM.‘«——T
| | |
102
T zi<umi<zs [ zi<uiczs || zi<isi<s
e LL"“-"""\H“‘—""\
Increasing Aniet | 1 ! e |
2 2 2

Increasing ETje‘ lae | 1| I£0I
»
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Diffractive Dijet Production

«Diffractive Process

Non D\ﬂr?cnve . Single lefract{ve DOU;‘XSE::;ZZW
«Diffractive event signature:
— No energy deposition in the
forward detector DFOLEVAGNETS —y
*Miniplug Calorimeter (MP)
*Beam Shower Counter (BSC)
— Directly detect the anti-proton
from the diffractive process
*Roman Pot (RP)

N Aova 2GS

%=1 [Acceptance: D <[t <2, 0.03<f <0.1
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«Hits in the Roman Pot

— anti-proton: diffraction
« & fraction of momentum loss of

anti-proton
—Measured with calol

rimeter

*xg;: fraction of anti-proton
momentum carried by hard
scattering parton

7 7
7 s
n
e, A
F o R
3 ' | &
F 00
£ 055757
L .2

R
N
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N
N
\

\\\
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&
&

NN
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AN
NN
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N
N
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Double Pomeron Exchange

*Dedicated trigger for DPE:
— No significant energy in east
side Miniplug and Beam shower
counter
* Proton: diffraction
— Hits in the Roman pot detector
«Anti-proton: diffraction
—Two low E; jets

CDF Run Il Preliminary

011" sD; (n.nz<§;<n.1)
N

CDFRun I F y
EEEn ] «Collect ~ 15K of DPE candidate % o2 +
B events (~100 events in Run ) ]
2 015
5
. . z
e, *Compare several kinematic = o1
e . quantities between SD and DPE g
Tve, 0.05/
proton I O v — Average n of two jets
=1 Gev M — opening angle of two jets L T )
005 = . 80 =10y, = 0] (raclian)
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Bottom and Charm Physics in CDF

+Studies of QCD

= Onium Production (y,Y)

+ Cross section
+ Polarization

= Charm production

« Cross section
= D** Production

— Bottom Production

+ B Cross section
+ Fragmentation

*Mass and Lifetime
D9, D% Dy Ay,

—BY,B%, B, Ay By, ..

*Rare Decays
=B UK, .
=D =W tr, ...
Fermilab W&C March 28, 2003

+Studies of CKM mechanism

=Mixing

+ DO: D*->Dt

+ BO(|Vigl) : BO=JhyK*0, B> evD

* By (IViel): B Denr, 6D, ..
= AT B2 Iy, Jhym;, évDg, DDy
—CP violation

* B BO=>JNyKo,

* o Blonm

v B»DK, B.>D.,K

+y: BO, B, = K, KK

«Exotic: Bi>Jhyo , DO>KK e

Study of Bg,A,,B.,
Is unique at
hadron collider

Today's Topics:
Many:of the analyses are still

status ‘and prospects

Masashi Tanaka (Argonne)

in‘progress:and we show:only
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CDF Trigger for B/Charm Physics

*CDF has three dedicated triggers
for B/Charm physics

(1) Dimuon
—Jhy=>uu

* (2) Lepton + track
—Semileptonic decays

* (3) Two track
—Hadronic decays

Candidates per 5 MeV/c*

Fermilab W&C March 28, 2003 Mas

* (1) Dimuon dataset:

— 2 central muons p; > 1.5 GeV
*Runl: >2GeV

—Trigger on J/y—>uu decays

« Collect ~ 70 pb™'

—~ 0.5M Jhy—>pp signals
xo' _ CDF Runll Preliminary, L=70pb '

7+ N Jhy = p
- 510K signal
o . candidates
of
+ .
o .
o+
1= .
1 L I 1 N
29 30 31 32 33

. 2
J/y Candidate Mass, GeV/c® ,,

CDF Trigger for B/Charm Physics

*(2) Lepton + Track
— 1 muon/electron
— 1 other track with

pr> 4 GeV

*pr>2GeV, SVTIP > 120 um
—M(¢-Track) < 5 GeV
+Collect ~70 pb™! of data
—~0.5M B - X signal

= COF Run-ll Prefiminary

" J0MelE.

000

pe

4 GeV lepton+SVT (80 pb ')
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[
Lopion+SVT mass (Govic %

]

+(3) Two Track Trigger
— 2 Tracks with
pr>2GeV
*SVT IP > 120 um
—Pri*prz > 5.5 GeV
«Collect ~70 pb' of Data
—~ 0.5M D%~>Kn signal
COF Runll Preliminary

]
0000-D”— Kzt
N,»= 451000 21400

L=65-app’

Eventsi0.4 MeYic®

5000

. . L
67 163 169 185 185 187 188 189 19
Kr Invariant Mass [GeV/c?]
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J/y Production Cross Section

*Run | Measurement:

— LO calculation: 1/ 100 x CDF
*Non-relativistic QCD

— Include color octet states

— Theory doesn'’t predict the
absolute normalization

«Fitting the CDF data

*Prediction

— J/y production is dominated by
the color octet mechanism

— Jhy is polarized at high p;
«Some discrepancy (~ 20)
between the Run | polarization
measurement and NRQCD

— Awaiting Run Il measurement

Fermilab W&C March 28, 2003

CDF Run |
I
>
K3 MCSP) = 1.0 £ 0.8x 107 Gev?
L "% Forcing E
3 ond ¥ MOSPPP) = 29.9 x 107 Gev*
4 omplitudes
@ to hove the .
& ' somerotio \] 8->
<
S
° | Sum
16
» >pw \
— PP <
W \ \\\
Singet \, B
\ \\
o ~
o 2 4 6 8 10

PU/9) (GeV/e)

=+ : +

Transverse
polarized
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Jhy = uu Cross Section

+1.5x2 = 3 < M(Jly) — 2xM()

— Trigger on stopped J/y

*We can measure cross section
down to p; =0

= o(pp=>Jy; pr>0; In|<0.6)

— o(pp—~bb=>Jhy; pr>0; [n|<0.6)

x10°

CDF Run Il Preliminary

Events per 200 MeV/c

%

Background is subtracted

7S
Pr(J/y), GeVie

*Dimuon Mass distribution for the
lowest pT bin (0-250 MeV)

CDF Run Il Preliminary 0 <Pt(ui)<0.25 GeVic
T T

80| 358+ 26 Events 4

Y
3
T

Events/5 MeV/c 2
2
]

20+

0 1
285 295 305 315 325 335
M(up) GeVic2

Cross section measurement is in progress

*Run | Measurement:
— D* = Do DO=pvKX
*muon with p; > 8 GeV

—Slightly higher than theory
expectation

'CDF Run | (unpublished)
[ i

Enviespor 2Movie

Entes por 03 NaVie”
g8 8 &

Production Cross Section: Charm

*Run
— Use two track trigger sample
— Early Run Il data (~6 pb™')

~enough statistics for counting
experiment

- D D, D*, D,

- [rnye—
pesceve

Masa(x) (Gavie']

o
praave

o s

Envin por S MeVie®

ooy (Gevie') MoK (Gevie’y
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Production Cross Section: Charm

Mass: Dy — D*

*For measuring the Charm cross
section, we need to separate
direct D and B->D decays

CDF Run Il Preliminary 5.7pb”
DKt 1,=86.6:0.413.5%
Lp;25.5GeV/c

D, D* = ¢m; ¢ >KK
— Same final state, almost
identical kinematics

*Momentum scale of the tracking
detector is calibrated using the
Jhy=pu

E
s 5
- Use Impact parameter of D~ 2 — 10 pb of two track trigger % S Forunz ey sope
T NS MeVis } Gei
— D meson from B decay has §-'° “Measure mass difference 3 8100 + Magnetic field correction
larger impact parameter 2 : gt gtegmge——t———0 009 £ 0.065
9 pactp E“’ — Systematics are reduced % 0%
' ———— e
i . «~ CDF Run II Preliminary 2 0022 £0.065
Direct Charm fraction L 350F 5%, D, >m ¢-oKK S 3080 + Energy loss correction
_D% 86.6+04+35% é 3000 Unbinned likelihood fit projected ‘E’ (dE/dx in the tracking detector)
. 3085)
—-D™*: 88.1i1.1i3.92/u o 250 1338 £0.074
- D% +0.4+
D 89.1+04+28% 2 200 3080 Before correction
—Dgtt 77.3+38+21% »
@ 150 3075 .
£ 100 0 5 10
w _ prof Jiy [MeVic]
+ Cross section measurement is in 50 . ;;I'hen e)lggns}%velglftested using
-nn, DO->Kn, Y-uy, ...
progress P80 185 190 195 200 205 ° "
2.
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+ H * :
D, — D* Mass Difference D* tagging
«It’s our first Run Il Paper!! *Results: M(D,) — M(D*) *Very high purity D° signal using Eliminate the “reflection”
\ —99.41 + 0.38 + 0.21 MeV/c? “D* tag” technique background (D°->Kr and nK)
— (PDG: 99.2+0.5 MeV/c?) —D**->D%: Q =39 MeV «Initial flavor of DO is known -
—M(D*)-M(D°): —-D* > D+qx* /D* > DO+ m
*6(Mp) ~ 10 MeV — The best place to study D°
*o(AM) ~ 0.6 MeV mixing and CP violation
— 20% of the D : D** tagged
. COF Runll Preliminary L=6siaph” CDF Runll Preliminary COF Runll Preliminary L=65:4pb"
oot fou
00 Wio D* tag u,..,,
= 3 -
1000 "
N\ 1000
A% G TR i TiE0 148 G TE GRS P

s CDF control room
(We can't analyze data here!)
Fermilab W&C March 28, 2003
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A typical place where CDF
physics is being produced

M(Kxx) - M(K7) [GeV/c?] f5 a5 06 1

Fermilab W&C March 28, 2003
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T s i is i 2
Kz Invariant Mass [GeV/c']

s ez g
Kr Mass [GeV/c ]




Cabibbo Suppressed D° Decays

Fermilab W&C March 28, 2003

CDF Runll Preliminary L=65_4pb"
o T e oo .
S / d ﬁuwf T)“jKK b
Vs Lou W LU ]
% 1000]
Vg 3 /
[ 800 !
. S—
c s ¢ 4 /
u u u u 400 !
2000
*Summer 2002 (10 pb-'): no D* tagging e T R 5
- Br(D9>KK)/Br(D9>Kn)=(11.17+0.48+0.98)% KK Invariant Mass [GeVic")
GOr Huni pretiminary L=b51apb
— Br(D7>7m)/Br(D°>Kr) = (3.37+0.20£0.16)%  Sunf Do D%
— main systematics: background subtraction Evzwr 1 D°= nn
*Spring 2003 (65 pb-'): with D* tagging s
— Repeat the Br measurement 600 \L
— Direct CP asymmetry in nn and KK decay 400
— Results expected soon 2000
7 I

Masashi Tanaka (Argonne)

o invariant iiass [Gevic’]
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Rare Decay Search: D° - uu

D% = up
— SM expectation : ~ 1013
— Enhancement by new physics
« R-parity violating SUSY: ~ 106
— Current best limit
< 4.1x10°6 (90% CL)
— E777, Beatrice
*Analysis
—Use D* tagged D°
—Use D%->nr signal for

events/MeV

normalization mode 50 |-

*Almost identical kinematics
—Br(D%->nr) ~ 1.5x103

+300 DO9>xw > ~1 DO—>pyp signal

(Br=4.1x106)
—D%->nrt is one of the major o
sources of background as well

25
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100 |-

CDF Run Il Preliminary

"\ Normalization mode
1371+ 53 DO
in the mass search window
['L ot = 690b"
Muon detector fiducial

Yo
1

| ‘Lwhiw%‘\-mw‘

18 185 1.9

1.95

M, (GeV)
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Rare Decay Search: D% - pu Rare Decay Search: D% - uu
«Background (1) *Background (2) -Ex_pe_cted background after the
—DO->nr with both n->u fake —Combinatorial background optimized selection cuts CDF Run Il Preliminary
_ 2 —1.7+0.7 events
—Npg = N(n) x prob(fake) —Lmear_ extrapolation of the high “Fake: 0.2240.02 3 3
—Dfake prob. Is measured in mass sideband events -Combinatorial: 1.5+0.7 E D°—>}‘L‘|,|'\Se\arch
DO~Knr signal + 0 events in search window 3 0 events in the +2¢ search window
CDF Run Il Preliminary CDF Run Il Preliminary \
5 008 3 . 2 -
5 H Combinatoric background: *New best limit
S 00| o 5 5.0 sideband events scale to —Br<2.4x10%at90% CL
£ ’ 1507 oxpected bkg ~Br<3.1x10%at 95% CL
5 . 2 :
= 003 T ! .
M «For future: N
002 % s , —Much higher integrated luminosity N
03 f *Need further background study
oot ﬁW + I -D0- ey, ee oLl DN L
_D*ouun 18 185 19 1.95
° s o s %rs T z 205 M, (GeV)
pr(GeV) M, (GeV)
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Excluswe B - Jy Slgnals " More B—>J/y signals
K* BO->J/yKY, « Ap=JyA
- B K- —Golden mode for sin2f3 — Mass and Lifetime
H — 220+18 signal events — 53+11 signal events
COF Run Il Preliminary, L= 7ﬂpb‘ CDF Run ll Preliminary, unph‘ CDF Run Il Preliminary, L=70pb"
e ¥ ‘e N CDF Run Il Preliminary, L = 65 pb" CDF Run II Preliminary, L = 65 pb”
% 4 SAH*SH sgna\ ;u 22uv s\gnal ;u . T T T T T T
Emn i P I { @ i l B ayE Ay WA
i i h 5 I 120 220 1 18 signal candidates 53+ 11 signal candidates
: i) 9 H i / 4‘ . )
£ 4 H g4 3 L 1%
&4 0 *‘ 1. # * } M 0 g MMMTMHH { * s 80 H
s ) ] s
| *’i*’-t% KRR ## W!?‘LH 1] LM#HWL i owb H
I CTN R R R 3 ] 55 N 2
B Candidate Mass, Gevie B° Candidate Mass, GeVic ? B, Clndldm Mass, GeV/c 40

B* > Jhy K*

(>1000 events
With loose selection)

~ 640 signal events

Fermilab W&C March 28, 2003

B0 »Jhy K* (=Km)
~ 220 signal events

Normalization mode

for sin2f analysis

B, =Jiy ¢ (=KK)
~75 signal events

Golden mode for
AT’y measurement

Masashi Tanaka (Argonne)

Zﬂ}-
Ml

500 520 530 540 550
B’ Candidate Mass (GeV/c’)
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5.50 5.60
Ay Candidate Mass (GeV/e)
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B Lifetime

(B ")

1.03-1.07

*Heavy Quark Expansion (HQE) I(EE)II(B")
predicts the lifetimes for different
B hadron species

= 1(B) << UEy°) ~ UAy)
<1(B% ~1(B;) < 1(B)
<UZy) <ULy

0.99-1.01
(A /e(B")
09-10
(b baryon)
09-1.0

— 1(B*)(B) = 1.03-1.07
— 1(B,)/1(B°) = 1.00 + 0.01
— 1(Ay)(B%) = 0.9-1.0

lifetime ratio

+B*/B° and B,/B® measurements
agree with prediction

« Small discrepancy for A, lifetimes
—LEP + CDF Run |

1.07410.014

0.949:0.038

0.797+0.052

0.7830.034

BY, B*, and B, Lifetimes

CDF Run Il Preliminary L=70pb"
+Use exclusively reconstructed B ¢ 8"~ vk | 747433 signal
3 oo candidates

— Ay=JIYA (A-=pm): in progress @
oct = Lg / pgx MgPP® “

signals in J/iy—>pu dataset 2wl fﬁ, ‘ Fit prob: 71%
- B* =»Jy K* %:Ll":

— B >y K (K* = Kn) Bt

B, = Iy 0 (6 ~KK) Bt e

L L L
520 525 540

«Simultaneous fitting to candidate mas, GeV/e *
A . . CDF Run Il Preliminary L=70pb’
—Mg: Extract signal fraction E FEouk T
— ct: Extract the lifetime 8wk P Oessi)
§ cx(Bkg,)
.
F0E WexEg)
Mg.Pg | = § Fit prob: 13%

B+
W o o0 01 0z L
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- - T T r *
B Lifetime Results Semileptonic B = ¢v + D°, D*, D
OF unprtminary Lominosty st
« Lifetime Results: | SO A Py L-70pb' Lepton + Track dataset (60 pb™') N§ !
—B*1.57 +0.07 + 0.02 ps 8.l ’ )WKr 5:::@ — BoDOX (D°~Kn) : ~ 10K o, "D’
';)Df;; ,673%0130,);2 [ Il ) — B={D*X (D*~DCn): ~ 1.5K g
—B°1.42 +0.07 + 0.02 ps £ Beho) oo - & noterosta o
- PDG: 154240016 ps § | ot 160 — B-¢D*X (D*>Knn): ~ 5K 1500
~B,1.26+0.20 +0.02 ps 8 *Good signals for calibration +o00)
—Measured lifetime depends on the — Measure B* and B lifetime
mixture of two CP states — Study BO-BO mixing 00 .
- PDG: 1.461+0.057 (average) o1 o ot 02 :‘?cm [sa 75 ] 0
sLifetime Ratio results Lepton m(Kx) [GeVie
CDF Run || Preliminar L= b' COF Run Il Predrminary Lumincany 6050 " COF Aun 1P Lumincany 6050 "
~B*/B0 1.1 + 0.09 £ Foouve T B ; o
*PDG: 1.083+0.017 8l \ [eusig) F =B I'DX
~B/BY0.89+0.15 H i ) e g
+PDG: 0.947+0.038 5, ! P > 5 7 woresas 1
*Prospects 3 "(
— Stat. error on lifetime will be L | | T
approximately scaled down by / " P.V. o
«[70 pb' / £(Run2)] "2 I S e i 5 5 2
. M(Kxx)-M(Kx) [GeV/c?] m(Kaz) [GeV/c']
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Semileptonic B, and A, Decays Flavor Tagging
s b
*B, = &v DX (D~ ¢m) Ay = VA X (A~ pKm) «B flavor tagging \
CDF Runll Preliminary 60 pb ~* CDF Il Preliminary 60 pb " —For reconstructed B, to identify \ \
= 250f > 2007 A v whether the B is generated as 1. Identify B and gz _—
s B. - s S0l ApKr the b or b (Mixing, CP violation) fts decay flaver \[ ™\
5 [D. = 4, 0 > KK @ a0l Yield:640+60 . 7 [ —
<2001 Ny, :385 + 22 2 o0l —Tagging efficiency: e /
3 2 o —Dilution: D=1- 20 2. Decay length
5 150 120] —Effective tagging efficiency eD? B
E 100 ‘: *Effective statistics:Ng=Ng,eD? |
E "
2 qof Vield:441:33 [ | PIDonp Run Il Projections in Tevatron YB |
|
505 N BO>J/yK, |B,>D.r ‘
ob— ! ! 1 [ Lol | SST |1.9% 4.2% (TOF) |
1.8 1.9 2.0 y (2|<-‘1K' " 5.2 215 220 ZZ:KK '13;(6:‘,3)5 240 245 SLT 17% 17% /3 Initial flavor
Lifetime: stat. ~ 0.07 ps Lifetime:stat. ~ 0.12 ps JETQ | 2.0% 3.0%
(PDG:0.057 ps) (PDG:0.08 ps) Kaon |2.4% 2.4%
Future: B, mixing (low Am, case) Future: semileptonic form factor Total |9.0% 11.3%
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Flavor Tagging

«Statistical uncertainty for tagging
efficiency

—A typical tagging: €=0.1,0=0.4,eD?=1.6%
—1000 events: eD? =1.6+0.7% (44%)
—100K events: eD2=1.60+0.07% (4.4%) 200~

CDF Run-Il Preliminary

g
T

per_10 MeVic

4GeV lepton+SVT (80 pb™')

Enties
8
T

No charm contaminat

*We can’t study/optimize the flavor
tagging with ~O(1000) events of the B i PRI
signal events

—B - JiyK: ~ 1000 events/100pb-! £

Z

N
LaptonSVT mass (Gevic 3

ion

— B - Dn: ~ 500 events/100pb-1 T CoFRun ”""’:’"”'"“"’ )
B |5 <Mnovm < some
«Our sol_ulion: Use Semileptonic B ez i ’
decays in the lepton + track dataset 20000 B
— ~200K semileptonic B signal events ~ "%F | “t ~200,000 somieptonic b decays
— High B purity 10000~
— Lepton Charge = Decay flavor of B )
g R

Lepton siged impact parameter (cm)

Fermilab W&C March 28, 2003

vy)
J
>

A
=

. 450 =65+4p0 "
*B—h*h" signal in the two track Em + CDF Run 2 Preliminary ]
trigger sample 3 +
350 E *h™ 4
— 301+27 signal events by b wui‘:m Ml
— Good S/N ~ 1 gy 4 Veon 5.241£0.004 Gev/c*|
o [ 4 Width 0.04140.004 Gov/c*{
b
«This signal is combination of 0 +; 1
four decay channels 150 ”M 1
— Tree (Br~5x10) *»0 ]
*B - nn : B, > Kn w0 ." ]
— i ~ -5
Penguin (Br ~1.5x10%) R T T

B> Kr : B, > KK

3000 —
3

*We can separate these decays ;20"" 7
— Decay kinematics )

2 1000 4
— COT dE/dx &
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T T n
B—h*h Hadronic B signals
*Kinematical Separation dE/dx Separation «Two track trigger data (65 pb™') [5+4 pb™ February 26th 2003 COF Run 2PRELIMINARY
—a=(1- p1/p2) o N CDF Ru:ll Preliminary *Reconstruct hadronic B decays g m;[wu Track Trigger Only, Vit srremevents
2 " =1. g +
~ M) - mmin I;“i ;;n separation=1.16 o — B%>D*r (D*~>Knr): 413+40 2 P ;..:m. uun:iz'rr::n;m Gey|
2 1 v - yma; £1 M)
IR H (Pt>2 Gevic) - B> JiyKJhy~e): 311+25 3 ESIT ¢
M(nr) is I%::fre']tz invariant ‘E 25001 H
If it's really B-pnn 2 0k 65+ 4pb” February 26ih 2003 CDF Run 2PRELIVINARY | °
s | K T -
. b T 1500~ 8wl
Simulation 2 ;H . DK T
o~ saof- g # uH %’ and c.c
8! - Ee 1)
3 | J : | | I |
g o5 10 15 20 25 = B B B B B s
Ere dEfdx [ns] s { N Candidate Mass (GeV)
ﬂp‘mﬁwﬂmw (nr) is not Lorentz  First results expected soon e Jr{ : .
. i variant for B->Kn - Br(B°,B.->KK,Kn,nm) TG A3t devents Normalization mode for
Simulation - Direct CP asymmetry in B->Kr P the other decays
0>/ ~ 15% resolution for A, S S S
) Candidate Mass (GeV)
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Hadronic B, and A, Decays Summary
B, > D, e “Run Il CDF collected ~100 pb-* of data
— Golden mode for B mixing B | | e sl ser o e 2 22 eV — ~85 pb' for Jet physics, ~70 pb-' for B/Charm physics
+65 pb-! of two track trigger data g B0z *Many Interesting physics studies are being made
~B,>D.n(D,>¢m) :40+10events g O 0% —1.8 TeV~ 1.96 TeV: x5 higher Jet cross section at E; = 600 GeV
—B,>D.*n (D~ ¢n) : 65+20 events “F . .
o — New detector and trigger system:
*More channels to be added y . .
_B. - D. n b *Forward detectors — Diffractive physics
s s ,., . 1
- D, = K*K, KoK, nm | The SVT - Great success!
«Further optimization of trigger — L < b — CDF as Charm/B factory
strategy to obtain more signals ‘Canidate Mass (Gev) — Unique at hadron collider
+Estimate the sensitivity for B, mixing |___cOF Aun 2 PRELIMINARY 65pE" | *We are working hard to understand the new detector and trigger systems
—Flavor tagging, time resolution... azs" MR ek e — Some of the systematic uncertainties are still large (conservative)
g“’ — They can be reduced in future
* Ay = Act (A=>pKm) a0 *We are preparing for high luminosity
— ~ 40 events in 65 pb-! o . .
201 — QCD: B jet cross section, W+Jet cross section, ...
+More channels to be added .
A > A 0 — Charm: D° mixing, CP asymmetry, rare decays...
— Ay = Acnnr, pDOon 10 X S o
— A, > Annn > — Bottom: studies of B, A,, B, CP violation, B; mixing...
e A, o
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